INTRODUCTION
Our joint effort to relate the tumorigenicity of cigarette smoke condensate (CSQ for mouseback skin to that of its active components is continuing (1) . Reports describing the large-scale fractionation of CSC (1), subfractionation of the neutral part by chromatography on silicic acid (2) and the initial results of bioassay (3, 4) have appeared. This paper reports the methods used and yields obtained in further fractionations of the ether-soluble weak acid (WAE) and neutral fractions. As in the former studies, the procedures used were designed to yield adequate amounts for bioassay of all fractions. In a former study (3) evidence was obtained for the activity of weakly acidic material extracted by diethyl ether from alkaline aqueous extracts of csc' after removal of neutral and basic components and acidification to a pH of about 6.1 (WAE). The simple phenols of CSC, whidt have been implicated in its tumorigenicity for mouseback skin (5, 6) , would be expected to appear in this fraction. We decided to separate the volatile phenols (along with other volatile substances) from the nonvolatile components and to ,submit the resulting subfractions to bioassay. The present study reports details of their preparation; the results of bio· assay have been reported (7). Use of silicic acid chromatography for subfractionation of the neutral fraction of CSC resulted in incomplete recovery, as shown by chemical investigations (8) and by failure to recover all of the . tumorigenic activity in the recombined subfractions_ (4). For this reason we decided to separate the neutral fraction into subfrac· tions using solvent partitioning alone. The material soluble in aqueous methanol ("methanol-soluble neutrals", MSN) was partitioned between nitromethane and carbon disulflde. The material soluble in cyclo-
• Receind for p~bliutiotl: 16th May, 1972. hexane CUmethanol-insoluble neutralsn, MIN) was subjected to a .aoo-tube countercurrent distribution using cyclohexane and nitromethane phases. Results of hieassay using these MSN and MIN sub&actions have been reported (1o). In an earlier study it was reported (4) that the neutral material eluted from silicic acid columns by methanol and passing into the aqueous methanol layer upon subsequent partition between this solvent and petroleum ether (MMw) was one of four active neutral subfractions. Preliminary studies showed that MMw could be separated roughly according to molecular size using gel filtration (9). We decided to subject it to this procedure and submit the resulting subfractions for bioassay, At the same time we obtained the polynuclear aromatic hydrocarbon (P AH) containing neutral fractions from the silicic acid columns and the weak acids soluble in ether (WAE) as in previous studies (1:, :!) . Thus we had available all three groups of substances previously shown to be active. These were submitted for bioassay in all possible combinations. The bioassay results are nearing completion and will be reported soon.
MATERIALS AND METIIODS
Cigarette smoke condensate (CSQ was prepared in 1:.0 kg batches at the Roswell Park Memorial Institute and shipped to Philadelphia or Athens under conditions previously described (1) . The ether-soluble weak acid fraction (WAE) and the two neutral subfractions (MSN, MIN) were prepared exactly as described in our first separation sdteme (1) . MMw and the other neutral &actions obtained by dtromatography on silicic acid were prepared exactly as in our second scheme (:!) .
For the sub&actionation of WAE a portion (53°/o) was removed for control bioassay (F 2.7, Table 1 , identical with F 8) and the remainder was subjected to steam distillation after removal of solvent. The tarry material 1 Table 3 for additional fractions from 9 of these runs.)
was covered with water in a long-necked 1.ooo ml round-bottom distillation flask equipped with a steam inlet tube dipping below the surface. While heating and magnetically stirring the contents, steam was admitted from a second flask containing boiling distilled water until about 1.500 ml of condensate had collected. The two aqueous solutions were then saturated with sodium dtloride at room temperature and the organic materials were extracted by shaking with diethyl ether. Table 2 .. For subfractionation of the "methanol-soluble neutrals" (MSN), partitioning between carbon disulfide and nitromethane was shown in preliminary studies (9) to produce adequate separation. After removal of a portion (41..2. Ofo) for control bioassay (F 39, Table 3 , identical with F 1.2. of our first scheme), solvent was removed from the remainder of the 8o 0 /o aqueous methanol solution and the residue was partitioned between CSs and nitromethane, cross-extracting until separation was complete. This required a total of about 500 ml of nitromethane and 2.50 ml of CSs (caution: vapors explosive and toxic). A portion (4o0fo) of each solution was removed for a reconstituted sample, and solvent was removed from these three and from the control sample before shipment in Dry Ice for bioassay. Results appear in Table 3· The "methanol-insoluble neutrals" (MIN) consist of the cyclohexane-soluble material obtained in partitioning of the total neutrals between this solvent and So 0 /o aqueous methanol in our first scheme (:1) . After removal of a portion (4:1.2. 0 /o) of the cyclohexane solution for control bioassay (F 32., Table 3 ), solvent was removed from the remainder. The residue was added to the first five tubes of a 2.oo-tube ccd machine in a mixture of nitromethane and cyclohexane using 40 ml of each solvent per tube. After the separation was complete, all of the material in both layers of pooled groups of tubes o-2.0, 2.: 1-45, 46-:140, :14:1-:165 and :166-:199 was recovered, first removing a portion (4o 0 /o) for a reconstituted sample. These six and the control sample, after removal of solvent, were shipped in Dry Ice for bioassay. Results are recorded in Table 3· The neutrals eluted from silicic acid by methanol were recovered by evaporation and were partitioned between aqueous methanol and petroleum ether to obtain MMw exactly as in our second fractionation scheme (2.). Four portions of :15 °/o each were removed for control bioassay and for combination with WAE (F 50), the PARcontaining neutral fractions (F 52.), and both of these (F 53). Solvent was removed from the remainder (4o0fo) and the residue was added to columns of Bio-Beads* S-X2., 2.0o-4oo mesh, each 2.00 cm in lengthX2..5 cm diameter, using :165 gm of Bio-Beads and :1.0 gm of sample per column, and benzene as eluant. The eluates were collected in five fractions of : 1:10, 40, 6o, : 100 and :160 ml each from each column. These amounts had been shown in preliminary work (9) to give a rough separation into fractions with average molecular weights of 2020, 790, 450, 2.40 and less than 2.40. A portion (40 Ofo) of each pooled fraction from the columns was removed for a reconstituted sample. These six and the control sample were shipped, after removal of solvent, in Dry Ice for bioassay. At the same time that the MMw for this experiment was obtained by chromatography on silicic acid, WAE and the neutral fractions from the column were also obtained. The PARcontaining neutral fractions (for F 5:1, 52. and 53, Table 5 ) were obtained as before (2) except that the material eluted by 2.5 Ofo benzene in petroleum ether was not separated into two fractions (:19 and 2.0) Tables 4 and 5 eluate. The material eluted by benzene was separated by partition between cyclohexane and dimethyl sulfoxide (DMSO) as before (2) (1) for F 51, and the last was corn-4 bined with both of these for F 53· In addition, a 13 Ofo portion of WAE was used for a control bioassay sample, and a control CSC sample of 61 gm was removed from each kg before· fractionation. In all, 2.4 kg were fractionated. Results are found in Tables 4 and 5· RESULTS AND DISCUSSION In earlier publications (1, 2.) we outlined as our objective the preparation of fractions in such a way that all fractions obtained in any one fractionation scheme could be tested, and we proposed to test them in the relative proportions in which they were obtained &om CSC. In this way we hoped that the activity could be reproduced by a combination of active &actions, discarding the bulk of the condensate only after proving it inactive. We have now reached the point where we can begin to attempt this, as indicated in Table 5· The biological results have shown that there are only three groups of substances that contribute importantly to the tumorigenic activity of CSC: the ether-soluble weak acids (WAE), the FAH-containing neutral fractions, and a neutral fraction (MMw) eluted from silicic acid by methanol and passing into the aqueous methanol layer upon subsequent partition between this solvent and petroleum ether (3, 4). These three groups have been recombined in all possible ways in the four mixtures of Table 5· Control tests are also being made on the three individual groups (Table 5 ) and on the CSC from which they were prepared (Table 4 ). In future work we hope to obtain and test highly purified subfractions of PAH, MMw and WAE, separated from the inactive materials these &actions now contain. Thus we hope to be able to reproduce the tumorigenic action of CSC for mouseback skin with, eventually, a mixture of known compoWlds. Regarding the nature and identity of the active materials in these groups of fractions, the FAH-containing neutral fractions have now been shown to be tumor initiators, as would be expected, but MMw is a promoter only as is WAE (10) . As the biological results using the fractions of Tables 1 and 2 showed (7), the promoting activity of WAE resides not in the volatile phenols it contains, but in the nonvolatile residue from steam distillation (F 28 of Table 1 ). This fraction has been shown to contain a mixture of fatty acids which could account for its promoting activity (9). Bioassay using a synthetic mixture of the known fatty acids in the proportions in which they occur in WAE is currently under way at Buffalo (7). The biological results using the P AH-containing neutral subfractions (MIN of Table 3) indicate that there are at least two, but probably many more, constituents contributing to this activity, on the basis of partition coefficients (10) . The identity of the promoters of MMw is completely unknown, but use of the subfractions obtained by gel filtration {Table 4), currently under test, will hopefully simplify the task of identification. Questions of possible identities between various fractions, as for example the active constituents of the MSN of Table 3 and the MMw of Table 4 , or those of the MIN of Table 3 and the FAH-containing fractions {19, 20 and 22) of Table 4 , cannot be settled until these constituents have been isolated and identified. Chemical investigations of these fractions are currently being continued at the Athens laboratory. Also, in order to determine whether the fatty acids of WAE are the only active constituents, they must be separated from it so that the remaining material can be tested biologically. This is currently being attempted. Variability in yields of some of the fractions is quite high. Consequently, mean yield of a fraction should not be taken as a precise measure of the content of any substance 1n CSC. Rather, the S.D., range and S.E. of the mean are indications of the variability on repeated fractionation of separate kg of CSC, individually prepared as needed, from commercial cigarettes, over a period of a year or more, with several different persons performing the various operations involved in the fractionations at different times. Viewed in this light it is perhaps remarkable that variability was not greater.
Mean yields of the phenols in the steam distillate are lower than have been reported for the phenols in cigarette smoke (:12, 13) . Two factors may account for this: the scale on which WAE was prepared in our work was thousands of times greater than in the analytical studies referred to; and the butt length to which the cigarettes were smoked (not less than 20 mm in our work) may have been greater than in some of the analytical studies.
Total yields (sum) of the fractions prepared from MMw by gel filtration averaged greater than 100°/o (1:12.8 ). This was not true in the preliminary study (9) . in which an average yield of 84 °/o was reported. The reason for this is not clear. Traces of solvent may have remained, but all fractions were evaporated to constant weight at reduced pressure in a rotating still. There is no indication that the gel is soluble to any extent in benzene; tests with the S-Xz gel showed no residue. In any case, the colwnns were thoroughly washed with benzene before loading. Actually, the colwnns retained an undetermined but small amount of sample, as indicated by color remaining after elution. These are matters for further investigation.
SUMMARY
Cigarette smoke condensate (CSQ was fractionated for biological experiments exanunmg tumorigenic activity on mouse skin. The active fractions were combined in various ways in order to determine their additive effects. Steam distillation of the ether-soluble weak acid &action (WAE) provided two subfractions whkh were submitted for assay separately and in combination. The total neutral &action was seParated by solvent partition between cyclohexane and 8o0/o aqueous methanol as in a previous study and each subfraction was further fractionated: the part insoluble in aqueous methanol (MIN) was subjected to a 2oo-tube countercurrent distribution between cyclohexane and nitromethane to provide five subfractions; and the part soluble in aqueous methanol (MSN) was separated into two subfractions by partition between nitromethane and carbon disulfide. Reconstituted MIN and MSN fractions were prepared by recombination of their subfractions. Finally, the total neutrals were separated Into 6ve fractions by chromatography on silicic acid as done in a previous study in order to obtain the active fraction eluted by methanol and soluble in aqueous methanol (MMw). This was subjected to gel filtration using benzene as eluant. The five subfractions of MMw were submitted for assay separately and in combination. 
